87 Sr/ 86 Sr) analysis of first-molar enamel of 70 adult individuals interred at Grasshopper Pueblo, Arizona, when coupled with a variety of other lines of evidence, reveal a complex pattern of immigration and settlement at the site. Thirty-three of the individuals pattern as local (most likely having been born at Grasshopper), and 13 others originate from the region immediately surrounding the site. The remaining 24 individuals are of non-local, extra-regional origin. Recent 87 Sr/ 86 Sr analysis of rodent bone from archaeological sites in several regions surrounding Grasshopper-including the Tonto Basin, Payson area, Mogollon Rim, and Chevelon Valley, as well as prehistoric human bone from the Walnut Creek/Cherry Creek region-reveal potential matches for all of the nonlocal individuals. It is suggests that immigrants at Grasshopper likely derived from the Chevelon Valley, at least two localities from the central Mogollon Rim region, and possibly the Payson area at the western edge of the Mogollon Rim. Migration occurred throughout the occupational history of the site, but patterns of migration clearly changed through time. The structure of migrations likely followed the internal frontier model of Kopytoff (1987) . A number of inferences that have been postulated for Grasshopper regarding ethnicity, diversity, and social and community organization are evaluated and supported.
Introduction

I
n a recent study of undecorated ceramics from east-central Arizona, Reid & Montgomery (1998: 447) state:
The marginal environments of the American Southwest have always required adaptive strategies characterized by multiple responses. One of these responses is a high degree of residential mobility. If any statement about prehistoric behavior in the Southwest has a high truth value, it is that people moved . . . population movement was a recurrent response to the conditions of life when natural and social environmental variables reached untenable values in areas where geographic circumscription was minimal. Population movement, therefore, was a major influence on the character and developmental trajectory of prehistoric Southwestern peoples.
This study examines patterns and processes of settlement dynamics at Grasshopper Pueblo, an aggregated pueblo in the American Southwest, through the combined use of bioarchaeological, ceramic compositional, architectural, and chronometric data. From these data sets, a number of inferences regarding mobility strategies and migration may be made. Whereas it is probable that migrants moved primarily in social groups based on kin relationships, the particular patterns of nonlocal female burials in the major room blocks at Grasshopper Pueblo suggest that intermarriage between communities was an important social and economic dynamic in the history of settlement at Grasshopper Pueblo (cf. Tuggle, 1970) .
Previous work (Ezzo, Johnson & Price, 1997; Price et al., 1994) defined and delineated several important components of this research, including the theoretical foundation for studying migration at Grasshopper Pueblo, the local strontium-isotope ( 87 Sr/ 86 We begin our discussion with a brief description of Grasshopper Pueblo and its environs. This is followed by presentation of 87 Sr/ 86 Sr data of human and faunal remains that provide an archaeometric fingerprint for the geographic origin of individuals. These data are then integrated with ceramic compositional, architectural, and chronometric data to interpret the nature of movement and mobility, how such a complex of movement shaped the occupational history of the site, and how certain aspects of social and economic organization can be inferred from such data.
Grasshopper Pueblo: A Brief Description
Grasshopper Pueblo is a 14th-century masonry pueblo site located on the Salt River drainage in east-central Arizona (110 40 E, 34 5 N) (Figure 1 ). The site consists of 447 numbered room spaces with an estimated 68 two-storey rooms (Riggs 1999 (Riggs , 2001 . It is composed of three major room blocks, three rectangular plazas (associated with each of the room blocks [Plaza 1 with Room Block 3; Plaza 2 with Room Block 1; and the Great Kiva (Plaza 3) with Room Block 2]), 10 smaller, outlying blocks of rooms and 15 smaller habitation units (Longacre & Reid, 1974; Riggs, 1999 Riggs, , 2001 ; Thompson & Longacre, 1966) (Figures 2 and 3 ).
Initial settlement of the site occurred in the  1270s; a fairly rapid period of aggregation followed, and the Grasshopper community reached a population maximum of perhaps 600-700 individuals (c. 180 households) around  1330 (Reid & Whittlesey, 1982 ). This occupation is referred to as the Establishment and Aggregation periods of Grasshopper Pueblo occupation. This was followed by the Dispersion and Abandonment periods, in which population declined and regional social and economic ties apparently broke down or were reconfigured. Coupled with environment deterioration due to an unpredictable climate and over-use of local resources, the site and the surrounding region was abandoned completely around  1400. (More detailed descriptions of the site, its environs, and the history of excavation and research can be found in Agenbroad, 1982; Ezzo, 1993: 1-8, 15-28; Holbrook, 1982 Holbrook, , 1983 Longacre & Reid, 1974; S. Olsen, 1982; Olsen & Olsen, 1970; Peirce, 1985; Reid, 1989 Reid, , 1999 Reid & Whittlesey, 1999: 1-11, 17-22, 71-74; Riggs, 1999 Riggs, , 2001 ; Thompson & Longacre, 1966; and Tuggle, Reid & Cole, 1984; 
The Radiogenic Data Base: Modelling Migration at Grasshopper Pueblo
The rationale for using 87 
Sr/ 86 Sr analysis
Since the 1970s, the dynamics of settlement occupation resulting from a variety of mechanisms has been a focal point of research at Grasshopper (Ezzo, 1999; Ezzo, Johnson & Price, 1997; Fulginiti, 1993; Price et al., 1994; Reid, 1973 Reid, , 1978 Reid et al., 1996; Riggs, 1999 Riggs, , 2001 Triadan, 1997; Tuggle, 1970; Zedeñ o, 1994 Zedeñ o, , 1995 . The use of radiogenic isotopes as a mean of ''fingerprinting'' individuals to determine their geographic origin has been one of the principal avenues of inquiry in this regard (Ezzo, Johnson & Price, 1997; Price et al., 1994 (Faure, 1986) .
Initial research on fossil and modern animals (Ericson et al., 1985; Sealy, 1989) has demonstrated the potential for using 87 Sr/ 86 Sr for studying questions of migration and movement away from original local environment. Central Arizona is especially well-suited for these investigations because geological units are diverse and well-studied and their 87 Sr/ 86 Sr compositions, which vary markedly between physiographic provinces, are known in some detail.
Bone undergoes a complete replacement cycle of its inorganic phase every 7-10 years so that measurements of bone strontium reflect dietary intakes from approximately the last 10 years of an individual's life (Lowenstam & Weiner, 1989) . First-molar enamel, on the other hand, forms during the first year of life and undergoes virtually no subsequent change during life. Enamel has no organic structures that can carry nutrients into it, so that the calcified tissue becomes sequestered shortly after forming. The strontium in the enamel of the first molar should provide information regarding where a person lived during the first year or so of life. Aggregation periods of occupation ( 1275-1330) and 67 to the Dispersion and Abandonment periods of occupation ( 1330-1400) . A stratified random sampling program was developed for the strontium isotope study. Top priority was given to burials that were primary interments, and that had distinct spatial affinities. Thus, the 63 adult burials from the extramural areas were deleted from consideration. Given that six had already been sampled from the room blocks and plazas (see Price et al., 1994) , and that 12 were not considered primary interments, this left 150 burials for sampling. Because there were only three adults from outlying room blocks, and two from Room Block 5 who had first molars, which could be sampled, it was decided all of these would be analysed. Thus, for the remainder of the data set, 61 of 145 burials were to be sampled. The sampling took into account sex, age, the number of individuals recovered from a given spatial provenience (for example, Room Block 1, Plaza 1, etc.), distribution throughout each major room block, and, to a lesser extent, temporal provenience. All of the 145 skeletons were examined to see if a first molar was available for sampling. Nearly half of the individuals lacked this element, which, given the frequency of dental disease at Grasshopper (Berry, 1983 (Berry, , 1985 , was not surprising. With the pool of available burials for analysis having shrunk to 75, it was no longer possible to derive from each room block and plaza a number of individuals proportional to each provenience's representation within the entire burial assemblage. As a result, there is somewhat of an overrepresentation of individuals from Room Block 3 and the Great Kiva and a slight underrepresentation of individuals from Room Block 1. Seventy-two individuals were ultimately sampled. One, however, was lost during sample preparation, and another was contaminated during analysis; consequently, the Grasshopper data base is composed of 70 individuals (Table 1) . Analytical methods have been described previously (Ezzo, Johnson & Price, 1997: 451; Price et al. 1994: 321) and will be reiterated briefly. Enamel was removed from the first molar using a Dremel tool fitted with a 1/16 in. diameter drill bit. Bone samples were removed using a small razor saw. Samples were placed in silica glass vials that had been leached in ultrapure 6N HCl. Samples were analysed on a radiogenic isotope mass spectrometer using the isotope dilution method, and the international standard NBS-987 was run multiple times in conjunction with the samples. Grasshopper region values did not overlap with the local Grasshopper signatures, but were slightly higher, ranging from 0·71076-0·71172. Whereas these ranges may appear to be very small, in fact they are quite substantial; all nonvolcanic rocks that are younger than Precambrian in age have 87 Sr/ 86 Sr that fall between about 0·70950 and 0·73000 (see Faure, 1986) .
The analysis of 70 individuals from Grasshopper Pueblo resulted in the identification of 33 locals (Figure 4 ), and 37 immigrants from either the Grasshopper region or outside the Grasshopper region. The next step of research was to fingerprint regions around Grasshopper to see if identification of the origins of any of the immigrants could be determined. Rodent bones from archaeological collections of sites in the Payson area (Shoofly Village), Mogollon Rim (Bailey, Pottery Hill), Tonto Basin (Kline Terrace, Grapevine Vista), and the Chevelon Valley (AZ Q:5:3, AZ P:3:11) were analysed. With the exception of the samples from the Tonto Basin, in which bones were identified to the genus level (Peromyscus sp.), samples could only be identified as being rodent. In addition, human bone samples from the Walnut Creek/Cheery Creek region were analysed as well ( Figure 5 ; Table 2 ). These analyses allowed for the establishment of In order to determine the likely points of origin of the remaining immigrants, it is necessary to draw upon additional archaeological data, which include spatial and temporal associations of the burial, associated grave goods, and dietary trends. Sr data, Room Block 1 appears to have been settled largely by immigrants, particularly early in the occupational history of the Grasshopper community. Room 47 is part of a 10-room core construction unit-that is, one of the first blocks of rooms to be built in Room Block 1 (Figure 10 ). Using tree-ring data and bond-abut patterns of room walls, Riggs (1999: 229) assigns an initial construction date of  1305 to this unit, indicating that it was constructed early in the occupational history of the Grasshopper community, and the people who occupied this unit may have been among the earliest waves of immigrants to the site. Dietary analysis of Grasshopper adults (Ezzo, 1991 (Ezzo, , 1992 (Ezzo, , 1993 revealed that inhabitants of Room Block 1 had more eclectic diets and less agriculturally-based diets than inhabitants of Room Block 2 & 3. This is certainly true of Burial 453, whose Sr/Ca and Ba/Ca ratios are considerably higher than average at the site (see Ezzo, 1991 1200s, maize agriculture was well established in the Tonto Basin, but less so along the Mogollon Rim. Burial 453 also contained a locally-manufactured Grasshopper Polychrome vessel. This pottery type is a copy of the White Mountain Red Ware series imported to Grasshopper Pueblo from at least two locations along the Mogollon Rim. It is thought that the Grasshopper Polychromes were manufactured either by locals or by potters who immigrated from the Mogollon Rim; once at Grasshopper, these immigrants began to produce a local variant of the decorated ceramics they had learned to manufacture along the Mogollon Rim (Triadan, 1997: 78-80, 97-103, Appendix B) . Therefore, the archaeological evidence supports a Mogollon Rim origin for Burial 453.
Using the approach just described, the 87 Sr/ 86 Sr data are used below to explore the nature of settlement of the three major room blocks through time, and the implications of settlement dynamics for the history of the Grasshopper community.
Settlement of the Major Room Blocks
Room Block 1/Plaza 2
According to Riggs (1999) and Graves (1991) , the earliest construction at Room Block dates prior to  1320 and is represented by a 10-room core construction unit near the northern end of the room block ( Figure 10 ). Riggs (1999: 229) estimates that construction of this unit began around  1305. There is also a 6-room core construction unit in the south end of room block that likely dates to about this time ( Figure 10 ). In terms of architecture, Room Block 1 is less homogeneous in construction techniques, room size distribution, and bond-abut patterns of room walls than room Block 2, but more homogeneous than Room Block 3. Room Block 1 has a longer construction sequence than Room Block 2, with the latest dates deriving from the southern end of the room block (Riggs, 1999 (Riggs, , 2001 . This is indicative of multiple episodes of settlement by diverse groups of people, with little formal community planning. The 87 Sr/ 86 Sr data suggests that Room Block 1 was founded primarily by natives of the Grasshopper region along with immigrant groups originating from either the Mogollon Rim or Tonto Basin. Given the prevalence of decorated vessels-in both mortuary contexts and room floor assemblages-that likely have antecedents along the Mogollon Rim, it is far morel likely that extraregional immigrants derived from here than from Tonto Basin (Figure 11 ). It is worth noting that the six individuals that pattern as Grasshopper regionals date to the Establishment and Aggregation periods of occupation. This makes sense, as regional reorganization occurred at a large scale in the late 1200s and early 1300s in east-central Arizona. By the 1330s, people of the Grasshopper region had aggregated into a small number of large sites, and a dispersion was beginning whereby people were either leaving the region or splitting off from large communities to found smaller ones in relatively remote areas, such as Canyon Creek (Graves, 1982 (Graves, , 1983 Haury, 1934; Reid, 1989; Reid & Whittlesey, 1999: 148-156) . Reid & Whittlesey (1999: 45) suggest that the regional influence in Room Block 1 may have derived from Grasshopper Spring, a 15-room pueblo 2 km east of Grasshopper Pueblo that dates to the last quarter of the 13th century. They cite a number of similarities, including architectural layout (rooms constructed in clusters but lacking an orientation around a plaza) and darts used for hunting with spears or atlatls (Lorentzen, 1993) .
Five individuals analysed from Room Block 1 originate from outside the Grasshopper region, and all appear to have affinity with the Mogollon Rim. Ceramics associated with these individuals tend to be either Grasshopper or Fourmile polychrome, both of which are in the White Mountain Red Ware decorative tradition, which, as noted, has at least two sources along the Mogollon Rim (Triadan, 1997: 50-55) . These individuals date to both the earlier and later stages of occupation at Grasshopper, suggesting that movement from the Mogollon Rim to Grasshopper was a complex, on-going process that consisted of multiple events over several decades. It also suggests that certain kinds of ties-social, ethnic, economic, and so forth-were maintained between at least some of the Room Block 1 inhabitants and communities along the Mogollon Rim through much of the occupational history of Grasshopper. Given that there are immigrant males and females represented in both Establishment/ Aggregation and Dispersion/Abandonment groups of burials, it is likely that movement occurred in social, kin-based groups, following the structure of the frontier migration model (Kopytoff, 1987; Schlegel, 1992) , which is discussed in greater detail below.
Dietary data based on trace element and stable isotope analyses is instructive as well. The diets of Room Block 1 inhabitants are more eclectic than those of Room Block 2 or 3 inhabitants, with a greater emphasis on a mixed farming and foraging subsistence base (Ezzo, 1992 (Ezzo, , 1993 . This would seem to be indicative of a Mogollon pattern found along the Mogollon Rim, as opposed to an Anasazi pattern from the Colorado Plateau, which emphasized maize agriculture. The evidence for Anasazi influences along the Mogollon Rim in the 14th century is considerable (see Reid, 1989; Cameron, 1995) . In summary, Room Block 1 exhibits Mogollon-like traits (decorated ceramics, diet) and Anasazi-like traits (architecture), both of which seem to derive from the Mogollon Rim (Riggs, 1999 (Riggs, , 2001 . The implications of this mixture of traits are discussed later.
The five local inhabitants at Room Block 1 are likely offspring of those who founded the room block; only one of them dates to the earlier period of occupation. This also suggests that there was little or no local influence in the founding of Room Block 1.
Room Block 2/Great Kiva
Room Block 2 is very distinct from Room Block 1 in architectural layout, construction technique, and room size distribution. Two large core construction unitsone of 21 rooms and one of 13 rooms-are perhaps the earliest units built at Grasshopper, dating the end of the 1200s or first decade of the 1300s (Figure 10) . The room block then expanded quickly, in fairly large construction episodes. Rooms constructed around the Great Kiva were built within a short time of each other and appear to have been planned so that they could serve as anchor points for the heavy beams that roofed the Great Kiva (Riggs, 1999: 231) . Once the two core construction units were established, probably relatively few migrants came to settle in Room Block 2; rather much of Room Block 2 was probably settled by new, local households splitting off from the core units.
Room Block 2 was settled almost exclusively by locals and those from the Grasshopper region. Unlike Room Blocks 1 & 3, there is no evidence for direct settlement of this room block by immigrants. Females from the Mogollon Rim and the Chevelon Valley are in evidence (Figure 11 ). Based on the preponderance of local males associated with nonlocal females in this room blocks, it is likely that the nonlocal influence at Room Block 2 is more a function of intermarriage with nonlocal females who originally settled at either Room Block 1 or 3. A possible example of this is Burial 466, an adolescent woman buried beneath a room in the northern core construction unit, who appears to have come from the Mogollon Rim. She is buried with Grasshopper polychrome vessels, and the 87 Sr/
86
Sr of her first molar enamel falls within the range of the Mogollon Rim. She is buried next to an adult male (Burial 468) who patterns as local. Given that there are only two data points, a number of plausible scenarios can be constructed to explain this patterning. It is possible the woman was part of an immigrant group who settled at Room Block 2, and the man is her son, born at Grasshopper. However, the consistent lack of nonlocal males in Room Block 2 argues against a settling of an immigrant group (only one of 12 males analysed is an immigrant; Table 1 ). More likely this woman arrived at Grasshopper as a young child (see Figure 12 for a verification of this) as part of a social group that settled into either Room Block 1 or 3, and then married into Room Block 2, only to die very shortly afterward.
Room Block 3/Plaza 1
Room Block 3 was founded in the first decade of the 14th century with a 5-room core construction unit (Figure 10 ). Additions were made soon after, and Room Block 3 grew very rapidly after that. Room Blocks 2 & 3 share many more similarities of material culture and diet than either room block shared with Room Block 1. Nevertheless, Room Block 3 is the most heterogeneous room block from an architectural standpoint, and appears to have resulted from more construction episodes than at either of the other two.
As with Room Block 1, there is virtually no local influence in the early settlement occupation of Room Block 3. There is a regional influence, but it is not as conspicuous as in the other room blocks. The two individuals who pattern as regional, however, are located adjacent to a core construction unit in the northeastern portion of the room block, similar to what has been described for Room Block 1. This suggests, as with Room Blocks 1 & 2, that regional reorganization occurred early and some (if not all) of the very earliest settlers into Room Block 3 derive from the Grasshopper region. Reid & Whittlesey (1999: 45) suggest that the regional influence in Room Block 3 may have derived from Chodistaas Pueblo, an 18-room pueblo 2 km north of Grasshopper Pueblo that dates to the last quarter of the 13th century. They cite a number of similarities, such as architectural layout (rooms oriented around rectangular plazas) and projectile points for use with the bow and arrow (Lorentzen, 1993) .
There are also a Mogollon Rim and Chevelon Valley influences, which likewise occur in Room Block 2. There also appears to be a late (post- 1330) influence from the Payson area at the western edge of the Mogollon Rim (Figure 11 ). The Mogollon Rim contingent may be more closely tied to Anasazi stock; burials tend to have Pinto-Gila polychromes associated with them, which are part of the Roosevelt Red Ware series, and are thought to have strong Anasazi influences (see Montgomery & Reid, 1990; Reid et al., 1992; Zedeñ o, 1992) . This connection, however, is not strong. The diets of Room Block 3 inhabitants, which are more strongly oriented toward maize agriculture than anywhere else at the site, are likewise more typically Anasazi than Mogollon in nature (Ezzo, 1992 (Ezzo, , 1993 . Room Block 3, therefore, appears to be a cultural inversion of Room Block 1: Anasazi-like traits (e.g., diet, possibly ceramics) and Mogollon-like traits (e.g., architecture) fused in a complex fashion. The implications of this are discussed later.
In sharp contrast to Room Block 2, the majority of immigrants are males. This suggests movement in groups, rather than intermarriage. Again, the frontier migration model, of people moving in social groups that are likely kin-based, maintaining social and economic ties with the region(s) of their origin, functions well in explaining the 87 Sr/ 86 Sr data from Room Block 3.
As with Room Block 1, local inhabitants at Room Block 3 tend to date to the later period of occupation, suggesting that they are offspring of earlier, nonlocal settlers. The Payson area connection is highly speculative at this time, and based on only two burials. There are no corroborating lines of evidence to strengthen an argument for a Payson area origin. One of the burials (Burial 601) does have a Roosevelt Red Ware vessel (Pinto Polychrome) in association, but by the mid-14th century this ware is fairly ubiquitous throughout eastcentral Arizona, and likely had several loci of manufacture (White & Burton, 1992) . It is known that the Payson area was largely depopulated by the early 1300s, and it is not known where the inhabitants went, although Grasshopper has been suggested as at least one possibility (Redman, 1993) .
Dispersion/abandonment period of migration into Grasshopper Pueblo
By about  1330, Grasshopper Pueblo had reached its peak of population. Satellite communities such as Red Rock House and Canyon Creek Ruin had been settled (Graves, 1982 (Graves, , 1983 Haury, 1934) , likely resulting from the dual processes of niche filling (the budding off of new households from Grasshopper) and arrival of new immigrants into the region (Reid, 1989) . Plaza 3 was converted into the Great Kiva about this time (Riggs, 1999 (Riggs, , 2001 , and it served to house community-wide and regional-wide ceremonies (Reid & Montgomery, 1999) . There is environmental and dietary evidence of increased stress on the Grasshopper population after  1330. Environmental degradation-resulting from climatic deterioration and overexploitation of forests and game herds (Holbrook, 1982 (Holbrook, , 1983 Olsen, 1990 )-resulted in a significant reduction of wild foods in the diets and a concomitant increased reliance on maize (Ezzo, 1992 (Ezzo, , 1993 (Ezzo, , 1994 Lowell, 1995 Lowell, , 1999 Welch, 1996) . This in turn led to increased stress on health (Berry, 1983 (Berry, , 1985 , particularly with regard to subadults (Hinkes, 1983; Whittlesey, 2000) . There is also some evidence for violence (Allen, Merbs & Birkby, 1985) . The combined factors of increased stress, lack of available arable land, and possibly breakdowns in various interregional economic networks led to a decline in the Grasshopper population (Ezzo, 1993; Graves et al., 1982a,b; Tuggle, Reid & Cole, 1984; Welch, 1996) .
Nevertheless, immigrants continued to relocate into the pueblo. Nine of the 17 individuals analysed for 87 Sr/ 86 Sr who date to the Dispersion and Abandonment periods of occupations pattern as immigrants. None of these individuals derive from the Grasshopper region, which was expected. Regional reorganization was largely completed by this time, as inhabitants from the Grasshopper region moved from small, dispersed communities into larger settlements. By the  1320s, however, a reverse process was beginning in which residents of the large settlements were moving back into the hinterlands and founding small communities, often in areas of restricted access that emphasized defense, again reflecting a state of heightened stress (Welch, 2000) .
Immigration appears to have continued into Room Blocks 1 & 3 from the Mogollon Rim, along with a possible enclave of Payson area natives relocating into Room Block 3. The latter inference has some support from archaeological data, in which it appears that the Payson area, particularly sites such as Shoofly Ruin, was abandoned in the early 1300s and its population dispersed, with most of them likely going south into Tonto Basin, but others splitting off and going elsewhere (Redman, 1993) .
Burial 338, a resident of Room Block 5, matches the Walnut Creek signature (Table 1) . This is the only individual to have such a signature; it may represent a migration from the Q Ranch region (discussed below), or from a region not analysed in the present study. Room Block 5-a small room block immediately north of Room Block 1 consisting of six room spaces-is unique at Grasshopper for its conspicuous presence of turquoise (Welch & Triadan, 1991) and copper bells (Reid, 1989; Reid & Whittlesey, 1999: 81-83) . The single data point makes interpretation highly speculative at best; the one other individual analysed from this room block (from the Establishment and Aggregation periods) appears to have originated from the Mogollon Rim (Burial 318; Table 1 ).
Little can be said of migration into the outliers. Only three individuals were available for 87 Sr/ 86 Sr analysis (one each from Room Blocks 7, 9, & 11); two were immigrants with a likely origin on the Mogollon Rim, whereas the third (from Room Block 7) is local (Table 1) . From these few data points, nothing unusual or unique with regard to Grasshopper settlement can be inferred. It can be suggested that Mogollon Rim immigrants of the Dispersion and Abandonment periods settled in both the main room blocks and the outliers, and that some locals-most likely the offspring of households from the main room blockssettled in the outliers as well.
Discussion
General trends
The 87 Sr/ 86 Sr data, coupled with chronometric, ceramic, and architectural data, have provided a number of insights into the settlement dynamics of Grasshopper Pueblo. At least two distinct patterns of migration are observed: first, movement in social groups, which would consist of men, women, and children who are likely related by kin; and second, movement of females for purposes of marrying into the community. This marriage pattern would have served several purposes, including the maintenance of social and economic links with extraregional communities. According to Graves et al. (1982a,b) , such ties were essential to the survival of the Grasshopper community. Breakdowns in such ties, which occurred late in the 1300s, contributed to instability and the eventual abandonment of the site and region around  1400. In terms of the presence of immigrants, the internal frontier pattern of movement (discussed below) is indicative of migration into Room Blocks 1 & 3, whereas migrants found in Room Block 2 reflect a pattern of intermarriage. Birkby's (1982) interpretation, based on discontinuous morphological cranial traits, of male exogamy at the major room blocks (his data make a somewhat stronger case for Room Block 2 & 3 as opposed to Room Block 1). This practice would have served to solidify ties between room blocks; community-wide sodalities likely existed at Grasshopper (see Reid, 1989; Reid & Whittlesey, 1999: 112-119) , and the Great Kiva, built in the 1320s (Riggs, 1999 (Riggs, , 2001 , was used for community-and regional-wide ceremonies (Reid & Montgomery, 1999) . Intermarriage between room blocks may have served as an additional integrating mechanism within the community.
In the foregoing discussion of the settlement trends in the three room blocks, reference was made for an Anasazi (Colorado Plateau) influence along the Mogollon Rim. The 87 Sr/ 86 Sr data failed to fingerprint any individuals who may have come to Grasshopper directly from the Colorado Plateau, but 15 immigrants exhibited a signature indicative of the Mogollon Rim. We hypothesize a two-step migration from the Colorado Plateau to Grasshopper via the Mogollon Rim. Social groups from the Plateau resettled along the Mogollon Rim, and offspring of these settlers, perhaps only one or two generations removed, then proceeded further south to Grasshopper, moving primarily in kin-based groups.
It is intriguing to note that immigrants continued to relocate into the site despite the depopulation of Grasshopper Pueblo after  1330. This underscores the complexity of aggregated pueblo settlement, the fluidity of such communities, and the multiple directions of movement that must be considered in dealing with issues of interregional migration. The majority of these migrants appear to derive from Mogollon Rim, suggesting they already had developed ties to Grasshopper, which would have facilitated movement there. It is very likely that some of the individuals dispersing from Grasshopper at this time may have relocated back to the Mogollon Rim homeland. Other immigrants, such as the possible Payson area enclave, may have made an initial migration to Grasshopper after  1330. It is certainly feasible that such individuals had ties to the site from an earlier period, and that sampling bias has simply obscured the presence of such ties.
Dynamics of residential mobility and migration
The settlement of Grasshopper Pueblo coincided with an intense period of aggregation in the White Mountains (Longacre, 1976; Reid, 1989) . The Grasshopper region was sparsely populated in the late 1200s, with small groups of people living in dispersed sites, and served as an internal frontier for both regional reorganization and interregional migration. Frontiers have generally been described by historians as unsettled land into which states moved (e.g. Turner, 1961) , and by geographers as unoccupied zones between settled regions (e.g. Prescott, 1978) . Kopytoff (1987) took the frontier concept further, formulating the notion of an ''internal'' or ''interstitial'' frontier, a sparsely populated region that lacked political hegemony and into which disaffected or ambitious groups of individuals could move. According to Schlegel (1992: 377) : Kopytoff (1987: 11) pointed out two features of particular importance: frontier areas were unpoliced by the small ''metropoles,'' as he calls them, from which the frontiersmen came; and, in most instances, the frontiersmen were not the advance agents of metropolitan expansion. Hence, the frontier could become a stage for the emergence of numerous small-scale independent communities, most of which eventually faltered but some of which grew into larger polities that provided the nucleus for the emergence of new societies. In Kopytoff's analysis, the frontier is a set of conditions rather than half of the state-frontier question. Kopytoff's (1987) conditions were described and applied by Schlegel (1992) to the Hopi. Six conditions were of particular importance, and are likewise important to the Grasshopper Pueblo analysis:
Movement into the frontier. Factors for movement often result from intracommunity conflictwitchcraft accusations, oppressive authority of elders, power struggles between factions, and so forth. ''Open land made it possible for the disaffected or the ambitious to move onward'' (Schlegel, 1992: 378) . Movement in groups. People moved in groups, and remembered where they came from; common origin in fact or myth became the basis for kin or pseudo-kin groups at the new settlement. Social integration through kinship. Immigrant groups were often kin, and, if not, they created ties of kinship. In many middle-range societies, ''claims to mutual protection and to sharing of resources are generally phrased in terms of kinship'' (Schlegel, 1992: 379) . Firstcomers versus Later comers. Firstcomers were likely to welcome later arrivals as additions to the community's marital pool and fighting force. Later immigrant groups tended to be small, so they more or less had to accept the firstcomers' terms. Shared backgrounds. Most migrants at a settlement have shared cultural backgrounds and similar technological capabilities. Shared beliefs, values, and organizational assumptions facilitated adjustment. Weak hold of authority. In those frontier communities that failed to evolve into complex polities, the firstcomers who represented the ruling groups had a weak hold of authority on their followers, who could always move on. ''There had to be some congruence between the authority that leaders could assert and the willingness of the subordinates to remain, putting a brake on leaders' power.'' (Schlegel, 1992: 379) .
The settlement dynamics of Grasshopper Pueblo closely followed the basic conditions of the internal frontier migration model. Clearly the area was sparsely populated and lacked any sort of centralized political authority prior to the migrations of the late 13th century. Migration almost certainly involved groups who were kin or pseudo-kin. Much of the remaining discussion of this paper deals with this issue. The shared cultural backgrounds and technological similarities of various groups will also be a principal focus of discussion. The weak hold of authority is likewise discussed in detail below. Some thoughts on the idea of firstcomers versus later comers are provided here.
It is not by coincidence that earliest settlers-be they local, regional, or extraregional in origin-selected the site where Grasshopper Pueblo was constructed as their location of settlement. Walter Hough (1930) recognized the wealth of local resources and favourable farmlands adjacent to the site when he visited the region more than 70 years ago. According to Tuggle, Reid & Cole (1984; see also Welch, 1996) , approximately 85% of the best arable land on the Grasshopper Plateau occurs within a 5-km radius of Grasshopper Pueblo. The combination of the channel of Salt River Draw and local springs provided a permanent source of fresh water, the surrounding pinyon-juniper woodlands and conspicuous bedrock outcrops provided easily accessible fuel and construction materials (Agenbroad, 1982; Holbrook, 1982; Reid & Shimada, 1982; Riggs, 1999 Riggs, , 2001 Scarborough & Shimada, 1974) . Firstcomers to Grasshopper Pueblo not only designed and formulated the first rule-making groups, they also had access to the best farmland, and therefore staked an important claim to ensure the opportunity for stable habitation.
Latecomers to the site were more restricted in selecting where they could build, what lands they could utilize for agriculture, and they needed to learn the rules of membership in order to be admitted into the different social groups that had already been established. This in part might explain variability in the diets of the inhabitants of the major room blocks, a point brought out in considerable detail by Riggs (1999 Riggs ( , 2001 . In short, latecomers likely had little choice but to follow the rules developed by the firstcomers. If such rules were not to their liking, they could always move on. Some apparently did, founding sites such as Canyon Creek Pueblo (Graves, 1982 (Graves, , 1983 Haury, 1934) ; others, perhaps less disaffected, settled into outlying room blocks at Grasshopper Pueblo. It is further likely that some of them married locals at Grasshopper and set up households either in the main room blocks, or outliers, or may have decided against settling at Grasshopper after marriage and relocated to a satellite community.
The inference that immigrants to Grasshopper Pueblo likely moved in social groups finds support from the 87 Sr/
86
Sr data when bone-first molar enamel pairs are considered (Figure 12 ). Because the four individuals in Figure 12 lived the last years of their lives and were interred at Grasshopper, it was expected that their bones would reflect the local Grasshopper 87 Sr/ 86 Sr range. In fact, 11 of the 14 Grasshopper individuals whose bones (in each case the femoral midshaft) were analysed conformed to this expectation (Ezzo, Johnson & Price, 1997: Sr and the local Grasshopper range. This suggests that these individuals had not lived long enough at Grasshoppercertainly less than 10 years prior to death-to have their bones fully remodel to the local 87 Sr/ 86 Sr signature, and allows for an estimation of the age of these individuals when they arrived at Grasshopper. The four immigrants in Figure 12 -all of whom are female-arrived at Grasshopper at different ages: Burial 466, as a young child; Burial 178, as an adolescent; Burial 460, in her mid-20s, and Burial 560, in her mid-30s or later. This range of ages reflects what would be expected if people were moving in kin-based social groups, as opposed to moving singly (for example, females moving expressly to marry into the community).
Routes of migration
The themes of the internal frontier and the conditions for migration will continue throughout the remainder of the paper. While the model provides some inferences regarding the processes of movement, it is appropriate now to turn to a discussion of the migratory routes. First, it is necessary to distinguish between intraregional and interregional movement. Intraregional movement concerns regional reorganization; interregional movement deals with at least three paths: from the Mogollon Rim; from Chevelon Valley; and from the Payson area.
Regional reorganization began in the Grasshopper region in the last quarter and the 13th century and by the early 14th century the dispersed nature of settlement pattern based on small pueblos had disappeared, giving way to a pattern of relatively few larger, aggregated sites located in well-watered areas. No doubt deteriorating environmental conditions, brought on by the Great Drought ( 1276-1299) had an impact on the aggregation strategy (Dean & Robinson, 1982; Reid & Shimada, 1982) , but there appears to be other variables as well, such as an evolution toward a greater reliance on agriculture (Ezzo, 1992 (Ezzo, , 1993 (Ezzo, , 1994 Welch, 1996) , and defense and safety concerns (Montgomery, 1992; Tuggle, 2000; Welch, 2000) . In addition, native inhabitants of the region had begun encountering the first waves of immigrants. This interaction no doubt stimulated greater interest in interregional exchange networks; moving to localities where immigrants were settled would have provided ready ties to distant areas. In summary, reorganization was rapid, regional-wide in scale, and the result of a complex mix of social, economic, and environmental factors. For individual groups, relocation to large pueblos such as Grasshopper and Kinishba was most likely a singlestep process. The deliberate burning of some late-13th century sites, such as Chodistaas Pueblo, suggests either a ritual death of the site by its inhabitants as they departed, or possibly was the result of deliberate action by early settlers at aggregated sites that compelled the small-site residents to do likewise (Montgomery, 1992; Reid, 1989) .
The movement from Chevelon Valley, over 100 km from Grasshopper, may have been a two-step process that involved Q Ranch Pueblo. Q Ranch Pueblo is not only close to Grasshopper, but also contemporaneous, and the two sites are remarkably similar in terms of material culture, architecture, and so forth (Reid, 1989; Riggs, 1999 Riggs, , 2001 Whittlesey & Reid, 1982a,b) . Economic ties between the two sites likely existed. The Chevelon Valley was largely depopulated by the end of the 13th century (Whittlesey & Reid, 1982a) , and it is likely that inhabitants there moved south into the Q Ranch region, which does become intensively occupied during the early portions of the fourteenth century (Whittlesey & Reid, 1982b) . From there it would have been relatively easy to continue on to Grasshopper. This could have been accomplished in the same generation, with Chevelon Valley natives relocating for a short period at Q Ranch, then moving on to Grasshopper.
The Mogollon Rim migration pattern is somewhat more complex, because of the fusion of Anasazi and Mogollon material culture carried down from the Rim area into Grasshopper. As discussed in the following section, the central portion of the Mogollon Rim is viewed as a ''melting pot'', where locals and immigrants from the Colorado Plateau interacted for generations. Although the actual movement of people from the Rim into Grasshopper was probably via a direct route, the earlier Anasazi migrations into the Rim area must be taken into account, as it was highly likely that the descendents of some of these migrants, born and raised along the Mogollon Rim, eventually moved on and relocated at Grasshopper Pueblo. Therefore, although the route to Grasshopper was probably direct, the ethnic diversity and cultural roots of the various groups of Mogollon Rim migrants were considerable.
The Payson area origin for migration is the least convincing suggested by the 87 Sr/ 86 Sr data, and therefore will be dealt with very briefly. The distance from the Payson area to Grasshopper is such that a migration could have occurred as a direct, single-step process.
Ethnicity and diversity
It is important to recognize that for whatever reasons people chose to migrate-disaffection, ambition, economic anxiety, and so forth-the inability to become sufficiently integrated into the new community likely led to additional movement, or more drastic results, such as violence. Haury's (1958) documentation of a Kayenta migration into Point of Pines is a case in point. Here a very distinct group of foreigners relocated to the pueblo, living separately and maintaining a discrete material culture. It is not certain how long they remained, but the small room block where they lived was eventually burned in its entirety. Therefore, for distinct social or ethnic groups to reside together in relative harmony, certain similarities, such as level of technology, cultural heritage, level of subsistence practices, or level of political sophistication, may have been necessary. In addition, such a configuration may have provided an efficient means of social control and decision making.
The fusion of Mogollon and Anasazi traits found in the various room blocks at Grasshopper Pueblo makes it difficult to define specific, spatially-discrete ethnic groups. As discussed above, diets in Room Block 1 suggest a Mogollon affiliation; yet the architecture of the room block clearly exhibits strong Anasazi tendencies. The inverse is true of Room Block 3. The commonality of extraregional immigrant origins for Room Blocks 1 & 3 is the central portion of the Mogollon Rim, and it is here that some explanations for this complex fusion of traits may be found.
The Silver Creek drainage of the Mogollon Rim, where 87 Sr/ 86 Sr analysis was undertaken on local rodents (the sites of Bailey and Pottery Hill) has a long record of prehistoric human occupation and contact with the Colorado Plateau. Newcomb (1999) modelled a variety of population trajectories through time for the region in a variety of ways, but in each case showed that population reached a peak at about  1075. The majority of her models also showed a trend toward decreased population in the first half of the 14th century, a period of time when the Grasshopper region was growing from 200 rooms to 1900 rooms (Longacre, 1976; Tuggle, 1970) . This pattern of 14th century dispersion is indicative of several areas along the Mogollon Rim (Kintigh, 1996; Lightfoot, 1984; Pilles, 1996) . From a demographic point of view, the Mogollon Rim is therefore a likely point of origin for migrants into the Grasshopper Region.
The long-standing influences of the Colorado Plateau on the Mogollon Rim are important to recognize. There is a general consensus that Roosevelt Red Ware, a widespread decorated ceramic tradition in the 13th and 14th centuries in central Arizona, derives from Colorado Plateau influences (Reid et al., 1992; White, 1993; White & Burton, 1992; Zedeño, 1992 Zedeño, , 1994 Zedeño, , 1995 . Crown (1994) maintains that Roosevelt Red Wares are a combination of TusayanKayenta, Cibola, and White Mountain ceramic traditions, and that the earliest Roosevelt Red Ware vessels most closely resemble Hopi Orange/Yellow Ware in form and design. The arrival of these ceramic traits from the Colorado Plateau to the Mogollon Rim is indicative more of a migration of people than merely long-distance exchange of pots (see Reid & Montgomery 1998; Triadan, 1997; White, 1993; Zedeñ o, 1994) . Roosevelt Red Ware vessels are common in the Silver Creek Drainage, along with White Mountain Red Wares-which have a Rim origin (Triadan, 1997) -in the late 13th century. They are also present at Chodistaas Pueblo (Reid & Montgomery, 1990; Reid et al., 1989 Reid et al., , 1992 Zedeño, 1992 Zedeño, , 1994 .
This ceramic diversity, along with considerable heterogeneity in architectural styles, subsistence patterns, and exchange networks, suggests that the Mogollon Rim region may have functioned as a cultural ''melting pot'' or ''joint-use area'' in which traits of local and of the Colorado Plateau traditions coexisted, commingled, and occasionally fused (Reid, 1989; Reid & Whittlesey, 1999: 32) . Based on recent studies of ceramic sourcing (Triadan, 1997; Zedeño, 1994 Zedeño, , 1995 ; also see Cameron, 1995) , in which it appears that people were moving on the landscape at least as often as pots, it makes sense to believe that people with roots on the Colorado Plateau and those with local Mogollon Rim origins were living side-byside. This would help to explain the fusion of Anasazi and Mogollon traits carried down into Grasshopper Pueblo by immigrants from the Mogollon Rim.
In summary, the Grasshopper Pueblo community must be viewed not only in terms of its own evolution but also in light of those forces shaping earlier communities that could come to influence Grasshopper. Distinctive ethnic groups may not be clearly visible in the archaeological record at Grasshopper Pueblo because migrant groups did not necessarily move into the community as representatives of a single ethnicity, but as a mixture of different ethnic groups that had settled and commingled for some generations along the Mogollon Rim. Nevertheless, ethnic coresidence is evident at Grasshopper, and certainly the community reflected a variety of distinctive backgrounds carried by various locals and nonlocals who settled at the site.
Networks: exchange of goods, movements of people
Movements of people on the landscape was not a particularly interesting topic to the early processual archaeologists. A greater emphasis was placed on the movement of goods as viewed in terms of economic transactions and the creation of exchange networks. More recent compositional studies of ceramics have indicated that potters as well as pots move and relocate. This migration of potters has much to offer toward explanations of the local manufacture of ceramic styles that originate elsewhere (e.g., Triadan, 1997; White & Burton, 1992; Zedeñ o, 1994) . Zedeño (1994: 124) sums up the economic significance of this movement as follows:
Frequent or even sporadic movement of social units may have stimulated the establishment of long-distance reciprocal relationships among two or more communities. This system likely opened access to resources from different environments as well as nonlocal goods, maintaining social and political ties through marriage, and fostered community identity by transcending social and ethnolinguistic boundaries. Graves et al. (1982a,b) postulate a similar mechanism for social and economic stability in the Grasshopper community, and maintain that the breakdown of such interregional networks was a critical factor-perhaps even more so than the environmental deterioration after  1350-in the stress that gripped the community after  1330 and led to its ultimate abandonment.
The complex and varied material culture record of Grasshopper Pueblo reflects the multiple points of origin and ethnic diversity of the community, and the multiple interregional networks that such groups developed and maintained during their residence. One need not postulate any centralized authority as a mechanism for such a diverse ceramic assemblage, for example, when a far more useful and parsimonious explanation considers the diversity of groups inhabiting the site and maintaining economic and social ties with their points of origin (see Reid & Whittlesey, 1990) .
Fragmentation of the internal frontier
The overall fragility of the Grasshopper system, as well as a number of factors that contributed to the decline and abandonment of the community, have been discussed above. Just as the lack of centralized authority contributed to the growth and development of the Grasshopper community, allowing immigrants from several regions to settle and live at the site, so the lack of the evolution of strong, centralized political organization contributed to the ultimate demise, or fragmentation, of the community. This freedom of movement and relocation, as well as the prospect of welcoming new immigrants, created a level of community instability that would eventually become too vulnerable to the manifold levels of stress encountered after  1330. In this sense it is worthwhile to view Grasshopper Pueblo as a node-rather than a beginning or end point-in a cyclical continuum of human movement that characterized much of Southwestern prehistory. Consequently, the dynamics of Grasshopper community settlement, evolution, and organization, can only be understood analytically in terms of what came before and after. Schlegel (1992: 389) states the following with regard to the Hopi, which has implications for the Grasshopper case study:
No matter how many integrative institutions and practices were devised and how often people expressed the need to maintain harmony and a ''good heart,'' the system failed from time to time. Disgruntled secondary lineages, lowstatus clans, or losing factions could simply move on. Without the resources to form larger and more centralized polities, Hopi communities were always vulnerable to fragmentation.
Fragmentation is a political process that can have many precipitating causes . . . threats to economic well-being resulting from environmental stress must have been a common cause for disaffection in the arid Southwest.
Concluding Thoughts
The reconstruction of community dynamics at Grasshopper Pueblo based on the data presented here is one of a loosely knit community based around households and small social groups. A considerable diversity of such groups likely cohabited the site, maintaining social and economic ties to regions whence they originated. The community was likely fluid, with people moving in and out of the site throughout its occupational history. Certain integrative mechanisms, like sodalities, ceremonialism, and intermarriage, created stronger ties that committed people to the maintenance of a certain level of stability to perpetuate the life of the community. Consequently, the community was composed of multiple layers of social and economic relationships, most likely arranged in heterarchical rather than hierarchical fashion (Ezzo, 1999 (Ezzo, , 2000 . The general fragility of the system, coupled with a marginal subsistence technology in an unstable climatic and environmental setting, created multiple layers of stress-not just at Grasshopper, but throughout the region and neighbouring regions-that outstripped the efficiency of regional and interregional economic networks and brought about rapid depopulation that concluded with the complete abandonment of the region by about  1400. This paper has generated some new inferences regarding settlement and community dynamics at Grasshopper Pueblo, as well as revisiting a considerable number of inferences formulated by other scholars working at Grasshopper. The inferences revisited are largely and rather powerfully supported by the 87 Sr/ 86 Sr data, demonstrating the remarkably strong analytical case that the data base from Grasshopper Pueblo has provided its researchers.
Finally, this paper has underscored the potential analytical power of 87 Sr/ 86 Sr data in archaeological research. More importantly, it has sought to emphasize how critical it is for such data to be integrated into the larger sphere of archaeological evidence if meaningful inferences are to be drawn. The multiple lines of evidence from Grasshopper Pueblo have made it an ideal natural laboratory for the employment of 87 Sr/ 86 Sr data as a tool for learning about the human past.
